In this manuscript we highlight recent advances in the management of acute coronary syndromes. Efforts to minimize myocardial ischemia time through improved health care systems have resulted in significant success. In addition, new evidence in the areas of reperfusion therapy and pharmacological intervention has emerged. Percutaneous coronary intervention continues to evolve and new data concerning the superiority of the radial route, the use of improved stents and adjunctive therapy will be presented. We will highlight the changes that were made in international guidelines (from the American College of Cardiology/ American Heart Association and the European Society of Cardiology) in the last 18 months in order to incorporate the latest evidence. Although significant advancements have been made in the management of acute coronary syndromes, the morbidity and mortality associated with this condition remains high, necessitating continued research in this field of cardiovascular medicine.
Introduction
Cardiovascular mortality remains the leading cause of death across the globe. In this manuscript, we review major new updates in the area of acute coronary syndrome (ACS) including ST-segment elevation myocardial infarction (STEMI), non ST-segment elevation myocardial infarction (NSTEMI) and unstable angina. We attempt to summarize major publications and presentations relating to the management of ACS including improvements in systems of care for STEMI, new drugs for immediate and post intervention care after ACS and newer therapeutic approaches. We also report on updates in the guidelines for the management of ACS from the European Society of Cardiology (ESC) and the American College of Cardiology Foundation/American Heart Association (ACCF/AHA).
Improved systems of care for STEMI
Standard guidelines recommend a door-to-balloon timetime from first medical contact to primary percutaneous coronary intervention (PCI)-of less than 90 minutes (according to the ACCF/AHA) or 60 minutes (according to the ESC) for patients presenting with STEMI. A large proportion of patients, however, do not receive mechanical reperfusion in this time frame. Although there has been debate regarding the implementation of regional care systems to improve access to acute PCI [1, 2] , such efforts have been previously shown to reduce door-to-balloon times and improve outcomes in patients with STEMI [3] . A recent retrospective study on nearly 100,000 patients with STEMI in the US revealed that, while there have been significant improvements in nationwide door-to-balloon times (from a median 83 minutes in [2005] [2006] to 67 minutes in 2008-2009), such efforts have not translated into a reduction in in-hospital mortality [4] . This study highlights the fact that door-to-balloon time constitutes a fraction of the total myocardial ischemia time that begins at the time of symptom onset and ends after successful reperfusion. Further gains in door-to-balloon times without significant reduction in total ischemia time are unlikely to have any further impact on overall patient outcomes. It is imperative that quality initiatives should aim not only for lower door-to-balloon time but for early symptom recognition, pre-hospital triage, treatment and transport. In the past year, evidence has emerged that direct transport of STEMI patients to a more distant PCI capable center (rather than to a nearer non-PCI center) leads to shorter overall reperfusion times and increased adherence to standard guidelines [5] . Additionally, retrospective analysis data comparing the two triage strategies has suggested that mortality may also be considerably reduced with direct transfer to a PCI center, bypassing the non-PCI center [6] . In a French registry, significant reductions in mortality were noted between 1995 and 2010, largely attributed to reductions in time from symptom onset to first medical contact, greater use of reperfusion therapy, and guideline recommended pharmacotherapy [7] .
While optimal primary PCI is the established and preferred reperfusion regimen, a significant proportion of subjects still present to institutions without timely access to a PCI laboratory. Although prompt fibrinolysis in these patients has been advocated, evidence supporting this strategy was limited. The STREAM trial randomized 1,896 STEMI patients presenting within 3 hours of symptom onset who could not reliably undergo PCI within 1 hour [8] . Subjects were randomized to primary PCI or fibrinolysis before transfer to a PCI capable hospital. There were no significant differences between groups in the primary endpoint -a composite of death, shock, congestive heart failure and reinfarction up to 30 days. This is the first study demonstrating comparable efficacy of fibrinolysis and primary PCI in patients with STEMI who may not have access to timely PCI. However, there was a five times higher incidence of intracranial hemorrhage in the fibrinolysis group over the primary PCI group (1.0% vs. 0.2%, P = 0.04) leading to a mid-trial amendment for dose reduction of the fibrinolytic agent (tenecteplase) to 50% in patients >75 years of age. This strategy led to the avoidance of early angiography in nearly two-thirds of patients in the fibrinolysis group. The long term outcome differences, however, remain to be seen. A different analysis suggested that increasing the number of centers performing PCI has not increased access to PCI for patients with STEMI in the US. This is because the increase in PCI centers has mainly been in population locales with prior PCI centers and has therefore resulted in competition between centers but not enhanced access for the population at large [9] .
Recent advances in medical therapy for ACS
Antiplatelet therapy Prasugrel Prasugrel was initially compared to clopidogrel in a large randomized trial (TRITON-TIMI 38) for ACS patients who were scheduled to undergo PCI. Based on the promising results from this trial (superior efficacy, albeit with a higher bleeding risk), the agent was approved for patients with ACS scheduled to undergo percutaneous intervention. A large proportion of patients with NSTEMI/ unstable angina-also known as non ST-segment elevation/acute coronary syndrome (NSTE-ACS) are however managed medically and do not receive early revascularization. Results from a large study on medically managed ACS patients, the TRILOGY ACS trial, were recently published [10] . This study randomized 9,326 patients with NSTE-ACS to receive either prasugrel (10 mg for <75 years and 5 mg for >75 years) or clopidogrel. At a median follow up of 1.7 years, the results were neutral with similar efficacy and comparable bleeding risk with both agents. Although largely a negative trial, TRILOGY did provide several new insights into the use of prasugrel. Firstly, this study confirmed the safety and efficacy of the reduced dose of prasugrel (5 mg) in patients >75 years of age. Secondly, a pre-specified analysis on patients who were randomized after a diagnostic angiogram revealed superior efficacy of prasugrel compared to clopidogrel with a 23% reduction in the primary efficacy endpoint of cardiac death, myocardial infarction or stroke. A similar benefit was not uncovered in patients randomized before a diagnostic angiogram [11] . In another study (the ACCOAST trial), pretreatment with prasugrel at the time of clinical diagnosis of NSTE-ACS was not associated with a reduction in adverse cardiovascular events, but was associated with a higher incidence of major bleeding complications [12] .
Ticagrelor
Ticagrelor is the first oral, reversible P2Y 12 receptor blocker that provides a rapid, consistent and more effective antiplatelet effect than clopidogrel. It was initially compared with clopidogrel in patients with ACS in the PLATO trial, results of which demonstrated improved efficacy outcomes (including reduced mortality) with similar rates of major bleeding [13] . Pre-specified subgroup analysis from the PLATO trial in medically managed patients with ACS demonstrated similar results to the overall cohort with a reduction in mortality (6.1% vs. 8.2%; P = 0.01) and a slightly higher incidence of major bleeding (11.9% vs. 10.3%; P = 0.08) using ticagrelor compared to clopidogrel [14] . On subset analysis, the observed benefit with ticagrelor was limited to patients with elevation in high sensitivity troponin [15] .
Current ESC guidelines give a Class I recommendation to ticagrelor, prasugrel and clopidogrel in the setting of an ACS event. However, clopidogrel is reserved only for patients who cannot receive either ticagrelor or prasugrel (due to lack of availability or contraindications) making the other two the preferred antiplatelet agents. Ticagrelor is also recommended in patients with a moderate (those with elevated troponin) or a high risk of ischemic events, regardless of initial management strategy chosen (early invasive or conservative). For prasugrel, the recommendations state that it should be utilized only in patients bivalirudin Unfractionated with ACS in whom the coronary anatomy is known and who are proceeding to PCI.
In contrast, current ACCF/AHA guidelines endorse both clopidogrel and ticagrelor for patients with ACS without preference of one over the other. In cases when the coronary anatomy is known, all three agents are considered equivalent with no specific preference. Finally, in patients with NSTE-ACS managed conservatively (unlike STEMI), clopidogrel and ticagrelor are recommended equally with no mention of prasugrel.
Vorapaxar
Protease activated receptor-1 (PAR-1) is a primary receptor for thrombin on platelets and is also present on vascular endothelium and smooth muscle cells. Vorapaxar is a novel oral PAR-1 antagonist that inhibits thrombininduced platelet activation, a mechanism that is entirely different from those of other available antiplatelet agents. Vorapaxar was tested as an adjunctive agent in patients with NSTE-ACS in the TRACER trial [16] . This study randomized 12,944 patients with NSTE-ACS to receive vorapaxar or placebo along with routine therapy. Over a median follow up period of over 500 days, there was no significant reduction in primary endpoint (death, myocardial infarction and stroke) but there was a substantial increase in major bleeding events (7.2% vs. 5.2%; P<0.001) and intracranial hemorrhage (1.1% vs. 0.2%; P<0.001) with vorapaxar when compared to placebo.
Abciximab
Intravenous glycoprotein (GpIIb/IIIa) inhibitors have considerably gone out of favor for patients with ACS, except in high-risk patients with STEMI. A meta-analysis on upstream abciximab (a GpIIb/IIIa inhibitor) use in patients with NSTE-ACS (n = 46,374 patients) revealed only minor improvements in outcomes at the risk of increased bleeding [17] . Current guidelines recommend use of this agent only in high-risk patients who have a high thrombus burden or as a bailout agent in primary PCI.
Even in patients with STEMI, there is a great deal of uncertainty about the preferred route of abciximab administration (intracoronary vs. intravenous). The AIDA STEMI randomized trial compared the two routes of abciximab in 2,065 patients presenting within 12 hours of STEMI [18] . Intracoronary and intravenous abciximab resulted in a similar rate of the primary combined endpoint of death, reinfarction, or congestive heart failure at 90 days of follow up. Statistically fewer patients in the intracoronary group had new congestive heart failure (2·4% vs. 4·1%; P = 0·04). The results from an updated meta-analysis confirmed that, although intracoronary abciximab resulted in a significant improvement in myocardial perfusion without any excess of major bleeding, there was no clear mortality benefit with this strategy [19] . Another mechanistic trial (INFUSE-AMI) compared and evaluated intracoronary abciximab and manual aspiration thrombectomy as strategies for prevention of thrombus embolization during PCI in 452 patients with STEMI [20] . The results indicated that abciximab and not thrombectomy reduced infarct size in this patient population.
Duration of antiplatelet therapy
The duration of dual antiplatelet therapy (DAPT) after PCI with drug eluting stent (DES) remains contentious. Recent evidence from PRODIGY, EXCELLENT and REAL-LATE studies suggest no increase in the risk of myocardial infarction and death and a lower incidence of bleeding complications with DAPT for 12 months as compared to DAPT for longer than 12 months [21] . However, these studies have limitations and evidence is not definitive at this time. Several trials are currently underway that are evaluating a short duration of DAPT (3-6 months) with traditional 12-month therapy (after DES).
Anticoagulation therapy heparin vs. Previously published results from randomized trials (ACUITY in NSTE-ACS, ISAR in NSTEMI, HORIZONS-AMI in STEMI) have consistently demonstrated a reduced risk of bleeding and improved overall outcomes with bivalirudin rather than unfractionated heparin (UFH) in ACS patients, giving bivalirudin a class 1b recommendation (from ACCF/AHA) as an adjunctive therapy in patients with ACS undergoing primary PCI [22] . The benefits of bivalirudin are mainly in its ability to reduce bleeding risk. With the increased use of radial access and the decreased utilization of intravenous GpIIb/IIIa inhibitors, the cost effectiveness of bivalirudin is up for debate. Retrospective analysis from Sweden's SCAAR database (41,537 consecutive NSTE-ACS patients none of whom received GP IIb/IIIa inhibitors) revealed no benefits from using bivalirudin rather than heparin [23] . Head to head trials comparing bivalirudin with unfractionated heparin (VALIDATE-SWEDEHEART, HEAT-PPCI) are currently underway.
Otamixaban vs. unfractionated heparin
Otamixaban is an intravenous, reversible Factor Xa inhibitor, with rapid onset and offset of action and a linear, predictable dose response effect. It was previously tested in patients with NSTE-ACS in the phase II dose finding SEPIA-ACS1 TIMI 42 trial [24] . The results indicated a trend towards improved outcomes with otamixaban at mid-range doses with no significant increase in bleeding as compared to UFH. Results from the phase III superiority trial were presented at the ESC meeting in 2013. This study randomized 3,229 patients with NSTE-ACS and a planned early invasive strategy, to otamixaban or UFH plus eptifibatide (at the time of PCI) [25] . There were no reductions in ischemic events (death or myocardial infarction) between the two strategies at 7 days. However, otamixaban was associated with an increased rate of major and minor bleeding (3.1% vs. 1.5%; relative risk, 2.13 P < .001). Due to unfavorable safety/efficacy results with otamixaban, the manufacturer (Sanofi) has now discontinued further development of this agent.
Residual risk and use of oral anticoagulants
Patients with ACS remain at a significant risk of recurrent ischemic events after initial revascularization despite optimal medical therapy including DAPT and aggressive risk factor modification. One in every ten patients experiences a significant atheroembolic event (cardiac death, myocardial infarction or stroke) within a year of the first ACS episode [26] . This is felt to be secondary to a persistent thrombogenic state that extends well beyond the initial ACS event.
Warfarin in the fibrinolytic era has been shown to reduce ischemic events but carries a substantially higher risk of bleeding, and difficulties with drug administration-as well as contemporary reperfusion therapy with primary PCI-have limited its use in this setting. However, several new oral anticoagulants have emerged in the last decade with the potential to minimize residual risk.
Rivaroxaban
Rivaroxaban is a direct factor Xa inhibitor that ultimately leads to decreased generation of thrombin. Safety and efficacy of rivaroxaban in different doses (5-20 mg) was initially tested in a phase II dose finding trial (ATLAS ACS TIMI-46) that revealed a dose-dependent increase in the rate of bleeding and a reduction in ischemic events in patients with ACS [27] . Subsequently, a larger phase III trial (the ATLAS ACS TIMI-51) was launched that randomized over 15,000 patients with ACS to receive either rivaroxaban (2.5 or 5 mg twice daily) or placebo in addition to standard medical therapy [28] . Over a mean follow up of 13 months, there was a 16% reduction in primary efficacy endpoint (cardiac death, myocardial infarction or stroke) with rivaroxaban as compared to placebo. However, there was a threefold increase in the risk of major bleeding and intracranial hemorrhage. This risk was lower with a reduced dose (2.5 mg) with relatively maintained efficacy. Overall there was a 36% reduction in all causes of death with low dose rivaroxaban as compared to placebo, which largely derived from a reduction in sudden cardiac deaths. Results were similar in a prespecified subgroup analysis in patients with STEMI [29] . Due to concerns about trial design and missing data (12% of patients had incomplete follow up), the FDA voted against recommending approval of the drug for secondary prevention of ACS [30] . However, a 2.5 mg twice daily dose of rivaroxaban was recently approved for the same indication by the European Commission [31] . It should be noted that the approved dose of rivaroxaban for ACS is significantly lower than that used in patients with atrial fibrillation (20 mg or 15 mg in patients with renal impairment).
Although no new data for other new oral anticoagulants (dabigatran, apixaban, betrixaban, darexaban) were presented last year, a meta-analysis of all available studies comparing oral anticoagulants with placebo in ACS revealed modest reductions in cardiovascular events, with a substantial increased incidence of major bleeding with the oral anticoagulants [32] . Future studies are likely to compare oral anticoagulants with newer antiplatelet agents for secondary prevention after recent ACS. The availability of these agents has also increased the scrutiny on the utility of aspirin in niche settings. The WOEST trial compared dual antiplatelet therapy and anticoagulation with clopidogrel and anticoagulation (without aspirin) in patients undergoing PCI and needing oral anticoagulation (mechanical valve, atrial fibrillation) [33] . The study results showed preserved efficacy with much lower incidence of bleeding with this strategy. Whether this benefit extends to the whole spectrum of patients with ACS remains to be seen.
Other novel agents

Monoclonal antibodies
Several new therapies and drug strategies for patients with ACS are under investigation. A phase 2 trial (SELECT-ACS) examined a novel P-selectin (a cell-adhesion molecule expressed on endothelial cells and platelets) monoclonal antibody, inclacumab, in patients with NSTE-ACS undergoing PCI [34] . The study randomized 544 NSTEMI patients scheduled for PCI to a placebo infusion or to either a 5 mg/kg or 20 mg/kg infusion of inclacumab. There were reductions in troponin I levels at 24 hours after the 20 mg/kg infusion as compared to placebo, suggesting potential for reducing myocardial damage in this cohort.
Stem cell therapy
The use of stem cells derived from bone marrow or myocardium to improve cardiac function has been a promising area of research and speculation. Several new studies were presented in the last year with mixed results. The phase 1 CADUCEUS trial enrolled 30 patients with recent myocardial infarction and reduced ejection fraction (25%-45%) and randomized them in a 2:1 ratio to receive autologous cardiac stem cells derived from endomyocardial biopsy (within 1.5-3 months after myocardial infarction) or placebo [35] . Although there were no improvements in ejection fraction at 12 months, there was a significant decrease in myocardial scar tissue and an increase in viable myocardium (based on cardiac MRI) in the intervention group, as compared to placebo. The TIME (Transplantation in Myocardial Infarction) trial randomized 120 subjects with myocardial infarction and impaired ventricular function that underwent PCI to receive either autologous bone marrow cells or placebo [36] . The patients were randomized to one of four groups: day 3 stem cell (after myocardial infarction); day 3 placebo; day 7 stem cell; day 7 placebo infusions. At 6 months follow up there were no differences in changes in cardiac function (ejection fraction) among any of the groups. Short-term (4 months) results of another study, the SWISS-AMI trial, were also presented at the AHA, Scientific Sessions, 2012 [37] . This trial randomized 200 STEMI patients successfully treated by PCI of the infarct-related artery, in a 1:1:1 pattern to one control and two intracoronary bone marrow-derived stem cell treatment groups (early being 5-7 days or late being 3-4 weeks after STEMI). Cardiac function (assessed on cardiac MRI) did not improve in either of the two groups (early and late stem cell) as compared to placebo at the 4-month follow up. Longer term data (2 years) or the previously published SCIPIO trial was also presented at the same meeting [38] . This study enrolled~30 patients with myocardial infarction and reduced ejection fraction (<40%) scheduled for coronary artery bypass grafting (CABG) to receive either intracoronary cardiac stem cell infusion or placebo (randomized in a 2:3 ratio at a mean of 113 days after myocardial infarction). In the 12 patients that received stem cell therapy, there were improvements in ejection fraction, viable myocardium and quality of life at 2 years.
To date, no studies have demonstrated any significant reduction in mortality and have only utilized surrogate parameters such as ejection fraction, myocardial scar tissue and quality of life. Although the above trials are at best hypothesis generating for efficacy of stem cell therapy in ACS, these studies consistently demonstrated the safety of this novel approach. Questions remain regarding the ideal patient population, source of stem cell and timing of infusion to extract maximal benefit from this strategy. Two large randomized trials-the Allogeneic Heart Stem Cells to Achieve Myocardial Regeneration (ALLSTAR, allogeneic cardiac stem cells) and Bone Marrow Cells in Acute Myocardial Infarction (BAMI, autologous bone marrow cells)-are currently enrolling patients and are expected to shed light on some of these unanswered queries.
Hemodynamic support in PCI
There has been an ongoing debate regarding the utilization of intra-aortic balloon pump (IABP) counterpulsation to support high-risk PCI. Even though there has been a lack of convincing evidence of improvement in outcomes, IABP support continues to be routinely utilized for high-risk patients with myocardial infarction and cardiogenic shock, and international guidelines had given it a Class I indication. To this effect, the IABP-SHOCK II randomized trial was launched to support the routine use of IABP in patients with cardiogenic shock [39] . The investigators randomized 600 patients with acute myocardial infarction (AMI) and cardiogenic shock to IABP or no IABP support. Surprisingly, there were no differences in outcomes across the groups after a 30-day follow up period (no difference in mortality, length of hospital stay, renal function, and vasopressor use). Although the results were largely disappointing and unexpected, there are several caveats to the trial. For instance, only 13% of the patients received IABP prior to PCI. In addition, there was significant crossover (~10%) between groups that may have had an impact on study results. Despite its limitations, this trial provides reasonably strong evidence against the routine use of IABP after PCI in the setting of cardiogenic shock.
Approaches for PCI: radial vs. femoral access Due to patient convenience and the substantial risk of bleeding associated with PCI from the transfemoral route, an alternate radial approach has become popular over the last decade. Previously published observational studies have reported a significantly reduced bleeding risk with radial as compared to a femoral approach for PCI. Several large randomized trials were reported in the last few years that compared radial to femoral PCI for ACS. The RIVAL study randomized 7,021 patients with ACS (managed with a planned invasive strategy) to either the radial or femoral route [40] . Overall, there were no significant differences among the groups for primary outcome (composite of death, stroke, myocardial infarction and non-CABG related major bleeding at 30 days; 3.7% vs. 4%) or incidence of TIMI major bleeding (0.5% in both groups). A pre-specified subgroup analysis showed that radial access in patients with STEMI significantly reduced primary outcome (3.5% vs. 5.2%; HR: 0.60) and all-cause mortality (1.3% vs. 3.2%; HR: 0.39) [41] . These differences were not seen in patients with NSTE-ACS. The second trial, RIFLE-STEACS, randomized patients with STEMI to receive primary PCI via radial or femoral access [42] . High-risk patients with cardiogenic shock were also included in this study unlike in the RIVAL trial. The results revealed a 60% relative reduction in cardiac death via radial access as compared to femoral access (5.3% vs. 9.2%). These differences were attributed to a reduction in mainly access site bleeding after a radial access PCI. Lastly, the RADIAL-STEMI trial randomized 707 patients with STEMI at four centers in the Czech Republic to the two access sites [43] . The investigators reported an 80% reduction in 30-day bleeding and access site complication rate after radial access PCI (1.4% vs. 7.2%). Additionally, there was a reduction in contrast load and ICU length of stay after PCI via the radial approach. These trials were primarily conducted on patients in Europe while centers in North America were felt to be under-represented. However, registry analysis from the US also revealed a lower incidence of procedural bleeding and in-hospital mortality after radial access PCI as compared to femoral access PCI in patients with STEMI [44] . These trials provide consistent and convincing evidence that the radial approach for PCI reduces bleeding and access site complications, and improves net outcomes in patients with STEMI. In addition, the radial approach is cheaper, and allows for early patient ambulation, recovery and hospital discharge as compared to the femoral approach. Another interesting conclusion from these studies was the association between improved outcomes and increased procedural experience with radial PCI on the part of interventionists. Importantly, interventionists should ideally aim to master both access sites, since not all patients may be suitable for both approaches. This was evident by >5% crossover in these studies. Additional trials comparing the two approaches, namely the MATRIX study (n = 6,800 patients) and SAFE-PCI study (female subjects only), are currently underway.
PCI in STEMI: preventive PCI of non-infarct arteries Current guidelines recommend against preventive PCI in non infarct-related coronary lesions in hemodynamically stable patients with STEMI at the time of the primary PCI [22] . This recommendation is based on evidence from observational studies or retrospective registry data [45] [46] [47] . The Preventive Angioplasty in Myocardial Infarction (PRAMI) trial was a non-blinded trial which randomized 465 patients presenting with STEMI to either primary PCI in an infarct-related artery alone or primary PCI and "preventive" PCI in a non infarct artery with >50% stenosis [48] . There was a significant reduction in the primary endpoint, a composite of cardiac death, myocardial infarction and refractory angina in the preventive PCI group when followed over 2 years (9% vs. 23%; HR: 0.35). There was a trend towards a reduction in mortality although it was not statistically significant. These findings are in sharp contrast to previous retrospective data in this clinical scenario. The study was limited by its small sample size, non-blinding, use of angina as an endpoint and lack of angiographic data. The results call for further randomized trials to answer this important clinical conundrum.
Thrombus aspiration before PCI Current ACCF/AHA guidelines recommend routine thrombus aspiration before primary PCI in STEMI (Class IIa) based on the available evidence supporting this therapy [49, 50] . The registry-based Thrombus Aspiration in ST-Elevation Myocardial Infarction in Scandinavia (TASTE) trial enrolled 7244 patients with STEMI from Sweden, Denmark and Iceland and randomized them to routine thrombus aspiration or no thrombus aspiration before primary PCI [51] . There were no differences in all cause mortality at the end of 30 days (2.8% vs. 3.0%; P = 0.63). There was a trend towards a reduction in hospitalizations for recurrent myocardial infarction and incidence of stent thrombosis. These neutral results throw into question the practice of routine thrombus aspiration in STEMI. Longterm results of the trial are awaited. Another randomized study-Trial of Routine Aspiration Thrombectomy With PCI versus PCI Alone in Patients With STEMI Undergoing Primary PCI (TOTAL)-is currently underway.
Stent type
There has been debate regarding the use of drug eluting stents (DES) in patients with STEMI. While DES have been shown to have superior efficacy as compared to bare metal stents (BMS), there have been concerns regarding safety with DES due to incomplete endothelialization and inflammation eventually leading to a potentially higher risk of stent thrombosis. Several studies compared newer DES with BMS and older first generation DES. Second generation everolimus eluting XienceV stents were associated with a lower incidence of stent thrombosis, target vessel revascularization and major adverse cardiac events as compared to BMS [52] and older sirolimus eluting stents after PCI in patients with acute myocardial infarction [53, 54] . Superiority of DES over BMS was also evident in a network meta-analysis (12,453 patients) comparing the various stent types for patients with STEMI [55] . In contrast, newer second generation zotarolimus eluting Resolute stents had comparable efficacy when compared to the everolimus eluting stents [56, 57] . DES with biodegradable polymers have also emerged and were compared with BMS in 1,161 patients with AMI in the COMFORTABLE trial [58] . The primary endpoint (composite of cardiac death, target vessel re-infarction and ischemia driven target lesion revascularization) was lower in the biolimus stent, driven mostly by a substantial reduction of 80% in the incidence of target vessel reinfarction. Interestingly, there was a trend towards a lower rate of stent thrombosis in patients with biolimus DES.
It will be interesting to see how newer generation durable polymer DES compare with biodegradable polymer stents. Long-term comparative data between these stent types remain limited and any conclusion is premature at this time [59] . Lastly, due to improved outcomes and reduction in late stent thrombosis with the newer generation DES, the need for DAPT after PCI may be reduced and a major randomized trial is currently underway to determine the optimal duration of DAPT [60] .
Bleeding risk
Evidence has accumulated that a higher incidence of bleeding in patients with ACS undergoing revascularization increases mortality [61] [62] [63] . Bleeding risk is especially high in patients with an indication for anticoagulation (atrial fibrillation, mechanical valve, venous thromboembolism) that undergo PCI. Results from the WOEST trial indicate that in patients with an established and absolute indication for oral anticoagulant (OAC) who undergo PCI, OAC plus clopidogrel is associated with a reduced risk of bleeding with maintained efficacy (no increase in the incidence of myocardial infarction or stent thrombosis) and should therefore be the preferred approach over OAC plus aspirin and clopidogrel [33] . After a 1 year follow up period, there were significantly fewer bleeding events (primary endpoint) in the double therapy group as compared to the triple therapy group (19.4% vs. 44.4%, HR: 0.36). Future studies are needed in the ACS subset of patients to establish the ideal dose and duration of antithrombotic agents that minimize bleeding without compromising efficacy.
Summary of advances: Updated guidelines
The ACCF/AHA published new guidelines for management of STEMI [22] and a focused update of the 2007 guidelines for management of NSTEMI/unstable angina in the year 2012 [64] . In the STEMI guidelines, the concept of "door-to-balloon time" was replaced with "first medical contact/FMC-to-device time" similar to European guidelines. There was an increased emphasis on organization of regional systems of care, transfer algorithms and adherence to time to treatments goals. In addition, the use of therapeutic hypothermia in patients with out-of-hospital arrest and STEMI is now given a Class 1 recommendation (IIa in the 2005 guidelines). The major update in NSTE-ACS guidelines included the incorporation of ticagrelor in the treatment of ACS patients, as previously highlighted.
The ESC guidelines highlight new standards in the system of care (FMC to EKG 10 minutes, FMC to primary PCI in 60 minutes, <90 minutes for transfer from non-PCI center). As previously stated, the guidelines recommend prasugrel and ticagrelor over clopidogrel, and the use of the radial over the femoral route of PCI (only by experienced operators). Lastly, in the updated guidelines, IABP use in STEMI patients was downgraded from 1C to 2B.
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